The diffusion coefficient D12 has been determined for hydrogen-deuterium and is found to be in close agreement with the value predicted by the classical theory. The case is one of particular interest because the diffusing molecules have the same size and the same molecular field.
Introduction
The diffusion of pairs of gases in which there are similarities between the molecules provides problems of particular interest in the kinetic theory. In the special case where the molecules are identical we have self-diffusion, for which Chapman's exact classical theory (1916, 1918) gives where y is the coefficient of viscosity, p the density, and k a constant, the value of which varies from 1*504 for Maxwellian molecules to 1*200 for rigid elastic spheres. Massey and Mohr (1933) , applying the quantum mechanics to this collision process, have deduced th a t the coefficient Du should be about half the value given by the classical theory. They point out th a t it is impossible to test their conclusion experimentally, as it is based on the assumption th a t the molecules in the diffusion experiment are
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indistinguishable. I t is of interest, however, to consider the diffusion of pairs of gases which are alike in many of their physical properties. Boardman and Wild (1937) working in this laboratory have measured the dif fusion of carbon monoxide-nitrogen, and carbon dioxide-nitrous oxide, pairs of gases of approximately the same molecular weight, molecular diameter, and having the same molecular and intermolecular fields. The results they obtain are, as would be expected, in good agreement with the classical theory. The diffusion of hydrogen-deuterium provides a further case where the diffusing molecules, although unequal in mass, have the same diameter and molecular field (Cleave and Maass 1935) and also the same intermolecular field (Grew and Atkins 1936) . The fact th a t these gases are isotopes gives special interest to their investigation. I t appears on classical ideas of col lision processes th a t the intermolecular fields of the unlike molecules in hydrogen-deuterium mixtures would probably be the same as the ordinary molecular field of either gas. Experiments on thermal diffusion will provide evidence on the intermolecular fields of the unlike molecules. For most pairs of isotopes the ratio of the molecular masses 2 (where m1 refers to the heavier molecules and m2 to the lighter molecules) is not sufficiently great to enable a measurable thermal separation to be obtained without difficulty by simply applying a temperature gradient, but in this case the relatively large difference in mass enables the experiment to be made. Viscosity measurements on deuterium and hydrogen show th at the dia meters ar1 and cr2 are the same, so th a t thermal separation will be entirely due to the difference in mass of the molecules.
The diffusion measurements
The principle of the method is th at of Loschmidt (1870). I t consists in allowing the pure gases in vessels of equal lengths and equal uniform crosssections to diffuse into one another for a given time, after which the com position of the gas mixture in each vessel is determined.
Full details of the apparatus and experimental procedure have already been given in a previous paper (Boardman and Wild 1937) .
Experimental results
The diffusion coefficient was measured with the gas at atmospheric pressure, beginning with hydrogen in the upper half of the apparatus. The results were corrected to 76 cm. of mercury pressure and 15° C. Four separate experiments were performed, the results of which are given in table 1. Discussion of results The classical value for the diffusion coefficient is given by Maxwell's formula (Kelvin 1904, p. The value given by the formula in this case is 1-25 cm.2 sec.-1, which is extremely close to the measured value, the difference being less than the probable error of the experiments. A good agreement may be expected for hydrogen-deuterium, as these molecules are 'h a rd ', i.e. they approximate closely to the rigid elastic sphere model. This agreement in no way con flicts with the deductions from quantum mechanics, as the wave-function symmetry does not occur in this case or in any other case capable of being investigated experimentally.
The thermal diffusion measurements
The thermal separation was measured with apparatus essentially similar to th a t described in earlier papers (Ibbs 1937) . A steam-jacketed bulb with capacity about 2 or 3 cm.3 was attached to the Shakespear katharometer (Daynes 1920), one cell of which thus formed the cold side of the thermal diffusion apparatus, a t room temperature. The change in concentration on the cold side when the temperature gradient was applied was thus directly observed and the change in concentration on the hot side had to be added. This could not be found accurately from the volumes of the two sides be cause of the uncertainty introduced by the relatively large volume of the connecting tube. The factor for obtaining the total separation from the observed separation was therefore determined by separate experiments vith mixtures of hydrogen-nitrogen which were made under identical con ditions. The cold-side separation for these gases was thus measured, and comparison with the known total separation for these gases gave the re quired factor. The total separation for these gases had previously been measured using a very large hot side so th a t practically all the change in concentration occurred on the cold side and was observed directly. The small correction for the hot-side separation could be safely applied in this case from an approximate knowledge of the relative volumes of the hot and cold sides.
Experiments were confined to the determination of k t between two fixed temperatures, the temperature of condensing steam on the hot side and room temperature on the cold side, and the whole range of concentration of mixtures of the pair of gases was investigated.
Preparation and purity of the gases
The deuterium used in these experiments was prepared by distilling heavy water over clean sodium in vacuo, the method employed by Grew and Atkins (1936) . The heavy water contained 99-2% deuterium oxide, and the deuterium produced was compared by means of the katharometer, with a specimen of deuterium analysed by Dr Farkas. Assuming the im purity in both specimens of gas to be hydrogen (from the ordinary water present in the heavy water), it was concluded th at the prepared specimen contained 99% of deuterium. The katharometer calibration was made regarding the deuterium as 100 % pure, the remaining 1 % (being hydrogen) then produces a negligible effect on either the diffusion or the thermal diffusion measurements. Thermal diffusion itself provides the most suitable test of purity of the gases for these experiments, no effect being observed for a sufficiently pure gas. The presence of a very minute amount of heavy impurity in light gases results in thermal separation and produces a large effect with this method of gas analysis. 1 % of hydrogen in deuterium produces a very small thermal separation to which the katharometer is comparatively insensitive, and hence it is not surprising th at the specimen of deuterium gave no measurable effect in this test. The hydrogen used was 99-9 % pure and was found to be satisfactory in the thermal diffusion test.
Experimental results
The standard katharometer used for most purposes has air in the closed cell, but such an instrument is unsuitable for analysing mixtures of light gases such as hydrogen and deuterium. A katharometer with one of these gases in the open cell and air in the closed cell would be in a very unbalanced condition, because the spiral in the open cell would be much cooler than th at in the closed cell owing to the greater thermal conductivity of the light gas. This is undesirable for two reasons. First, a small change in the composition of the mixture of hydrogen and deuterium can only produce a very slight change in the temperature of the already cold spiral and conse quently the katharometer is very insensitive. But also, the resistances of the spirals are so different th a t they are not affected equally by the small variations in room temperature, and so the katharometer zero reading is unsteady.
The katharometer used in these experiments therefore had hydrogen sealed in the closed cell, so th a t for all mixtures of hydrogen and deuterium, the katharometer was in a sensibly balanced condition. By using the standard bridge current of 0*10 amp. both spirals would now1 be fairly cool owing to the high thermal conductivity of hydrogen, but the temperature can easily be raised to the normal working temperature by increasing the current. The current actually used in these experiments was 0-18 amp. Figure 1 shows the katharometer calibration curve for mixtures of these two gases, which was obtained in order to interpolate the change in con-centration from the galvanom eter deflexion resulting from the application of the tem perature gradient. This graph is very nearly linear over the whole range of concentration. The calibration curve gives a very close approximation in shape to Idle curve of therm al conductivity against con centration, when the difference in the therm al conductivity of the pure component gases is small. I t is interesting therefore to compare this curve with results recently obtained by Archer (1938) on absolute therm al con ductivities of mixtures of this pair of gases. Archer also obtains a relation which is very nearly linear but rising rather more sharply near the hydrogen end. Figure 2 shows how the total separation varies with the concentration of hydrogen in the m ixture of hydrogen and deuterium, individual points having been corrected to log1037 1/jT2= 0-112 (hot-side tem perature 100° C and cold-side tem perature 15° C). Eleven mixtures were made, and each experimental point represents the mean of four separate observations. The difference in the therm al conductivity of hydrogen and deuterium is so small th a t measurements of a change in concentration of 0-6% (the maximum actually observed on the cold side) is a m atter of some experi mental difficulty. Minute secondary effects, normally quite negligible, became relatively im portant. Thus it was necessary to introduce very effective screening of the katharom eter from the hot side, and it was also found necessary to pass hydrogen through the apparatus repeatedly before consistent results were obtainable. The katharom eter block was protected from draughts and other refinements were introduced which have hitherto been quite unnecessary in therm al diffusion measurements.
Diffusion and thermal diffusion percentage of hydrogen in mixture
The values of ht were obtained at intervals of 10% from this curve The curve (figure 2) is very nearly symmetrical, and this agrees with the predictions of the theory when the mass ratio and the diameter ratio are small. The general tendency in the separation-concentration curve is for the maximum to move over in the direction of 100% of the lighter gas as mx\m2 and (rxlcr2 become large. The good agreement (in shape) with the theoretical curve is shown by the values of R t which remain constant and equal to 0-62 within about the limit of experimental error over the whole range of concentration.
D iscussion of results
The results show th at an appreciable thermal separation is produced in mixtures of this pair of gases solely as a consequence of the difference in mass of the two constituents, the diameters being the same.
The value of the constant R t depends on the nature of the collisions be tween unlike molecules in the gas mixture. If the molecules obey an inverse power law of repulsion during collisions, the force F between them can be expressed as F = K12r~ 1 2 ,
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where r = the distance between the point centres, k 12 = a constant (the force constant), v12 = the repulsive force index.
Such a law of force is know n to hold for many gas molecules over a con siderable range of ordinary temperature. Chapman has shown th a t the repulsive force index v12 can be obtained from R t by the following relation:
a formula which applies exactly to the case of a Lorentzian gas, but there is reason to believe th at application to the present case would not affect it very greatly.
The value of v12 in the case of hydrogen-deuterium is thus found to be 8-6. I t is interesting to compare the values of v12 obtained from thermal diffusion for other pairs of gases. Thus the case of hydrogen-helium recorded later in this paper gives the value 9-8, which means th at helium is 'hard er' than hydrogen or deuterium. Numerous previous observations which we have made support this conclusion. On the other hand, nitrogen is known to be ' softer' than the hydrogen isotopes and the value of v12 for hydrogennitrogen and for deuterium-nitrogen is (from the measurements of Grew and Atkins 1936) . The chief interest in the present case, however, is th at the value vl2= 8-6 can probably be applied independently to hydrogen and deuterium. The value of the repulsive force index vn given by viscosity for both hydrogen and deuterium separately is 11-3. This higher value may be expected as viscosity appears to yield values of the repulsive force index higher than those given by thermal diffusion. [In the following paper Dr K. E. Grew extends the interpretation of the results by Chapman's theory, and is able to showr th at the value of v obtained from thermal diffusion can be brought into good agreement with the value obtained from viscosity.]
By combining the measurements of thermal diffusion and ordinary diffusion for hydrogen-deuterium the force constant /c12 can be obtained, thus giving the complete description of the law of force in molecular en counters for this pair of gases. Using the equations (32"), (26") and (27") (Chapman 1929) a value of /c12 = 1-Ox 10~70 was obtained. The complete law of force between molecules of hydrogen in collision, molecules of [From his experiments Grew obtains 0-61 which is in close agree ment with the value we have obtained. From this, using his revised method of calculation, he gets v12 =12-6 and sh agreement with the values obtained from the most recent viscosity measurements for hydrogen. Combining Grew's value of v12 with our experimental value of the diffusion coefficient we obtain
This should be regarded as a much closer approximation to the complete description of the law of force operating between these pairs of molecules.]
H. R. Heath, T. L. Ibbs and N. E. Wild N ote on the thermal diffusion of hydrogen-helium
Measurements have also been made on mixtures of hydrogen and helium with the same apparatus. This again is a case of peculiar interest because the heavier molecule has the smaller diameter. Hence the effect of the mass ratio is to produce a tendency for helium to move to the cold side, but the diameter ratio produces a tendency for helium to move to the hot side. The formula for k t (r.e.s.) is found in the usual way and is expressed with usual notation as follows:
This predicts th at helium will always move to the cold side, the mass effect overcoming the opposite tendency due to the diameter ratio. This has already been observed by Elliott and Masson (1925) and is confirmed by our results. Seven measurements of thermal separation have been made for gas mixtures of different concentration ranging from 50 to 100% of hydrogen. Values of k t exp. were found from a graph similar to th a t shown in figure 2 , the results being given in table 3. The case does not appear to be of the normal type in which R t is reason ably constant. The results now obtained appear to be in agreement with the observations of Elliott and Masson, which suggested th at the maximum separation occurred in mixtures containing less than 5 0 % of the lighter gas. The considerable decrease of R t as the proportion of hydrogen is in creased now appears to be of special interest in view of Chapman's (1940) recent extension of the theory in which he discusses how will depend upon the different variables involved. The experimental values of k f obtained by Elliott and Masson give a mean value of R t = 0-61, which corresponds to a repulsive force ind v12 = 8-5. The mean value from our results is 0 7 1 , which gives a value of v12 = 9-8. As has already been observed, this value of 9-8 agrees well with the general scheme of molecular fields deduced from measurements of thermal diffusion. Elliott and Masson's value of v12 = 8-5 is therefore probably rather low. The apparent variation in the value of R t suggests th a t further examination of this pair of gases could profitably be made.
